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(54) [Title of the Invention] Facsimile 



[Purpose] To implement signature and scramble processing by 
partially modifying and adding application software in the 

card FAX system. 



[Constitution] 

It comprises of a means for embedding a signature sentence in 
a part of the image data in order to demonstrate legitimacy of 
the sender and the transmitted document, and a means for 
applying a scramble processing to the encoded image data. 





A proposed confidentiality protected system 
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[Scope of the Claims] 
[Claim 1] 

A facsimile characterized in that it comprises of a means for embedding a signature sentence in a part of the image 
data in order to demonstrate legitimacy of the sender and the transmitted document, and a means for applying a 
scramble processing to the encoded image data. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a facsimile having confidentiality protection functions by signature and 
scrambling. In particular, it relates to a facsimile generally called a card FAX using a personal computer (herein 
after abbreviated as PC) as a communications means. 
[0002] 
[Prior Art] 

A great revolution has occurred in the concept of document communications by the invention of facsimile 
communications. In a modern society requiring high speed, the facsimile has become an indispensable 
communications means (1) . However, along with increased values of utilization of facsimiles in document 
communications, the necessity of measures for confidentiality protection such as reliability of senders and document 
transmitted has also increased. That is, from general documents to important documents, confidentiality protection 
measures are required by the documents based on their purposes. In the current facsimile communications based on 
the CCITT standards, no measures have been taken regarding confidentiality protection in documents from facsimile 
terminals regarding transmitted data. The following operational problems have been pointed out: (1) error transfer 
due to dialing errors and danger of information leaks by a third party at the receiver side, (2) third party invasion 
without permission such as direct mail including advertisements and a variety of kinds of announcements cannot be 
avoided, and (3) mere are no protections against wire tapping and altering on the communications network. 
Recently, special adaptors having authentication functions for senders and sent documents have been developed in 
order to prevent wire tapping and interception. 

[0003] On the other hand, due to rapid progress in microelectronics technology, high functionality PCs can be used 
at low cost and attempts to use PCs that have been used independently as communications means as well have been 
made actively. This trend has been adapted due to the reasons that it is more economical than purchasing and 
utilizing a special communications terminal separately and that data processing and storage functions of PCs can be 
used additively. Facsimile communications using PCs have already been used in practice as in the use of extension 
board type communications adaptors called a card FAX (or PC FAX) and its effectiveness has been demonstrated. 
[0004] Now, Figure 1 shows an example configuration of the conventional card FAX. A card FAX is the most 
compact communications adaptor that enables facsimile communications immediately if it is inserted through the 
extension slot of a PC to be connected to the telephone line. In terms of hardware, a NCU (network control unit) 
and a modem for control signals and image signals are loaded on an extension board which functions as a 
communications interface. On the other hand, attached application software generally implements transfer control 
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and encoding functions of image data. In the case of a card FAX, the software also functions to convert text data to 
image data and encoded data so that the documents prepared by word processing programs can be sent directly by 
facsimile communications. In this report, we focused on the greatest advantage of facsimile communications using 
a PC, that is, the degree of freedom of additively implementing various functions using the software, and attempted 
to have security functions with the card FAX. In addition to the conventional general functions such as 
sending/receiving, reading the document, converting files, and outputting documents, the present invention 
implements a signature showing legitimacy of the sender and the transmitted document, and a scramble function for 
the purpose of confidentiality of the document by using software. 
[0005] 

[Problems to be Solved by the Invention] On the assumption that a card FAX using PCs will become a powerful 
communications means in the future, a card FAX having security functions will be required. The purpose of the 
present invention can be implemented by only partially modifying and adding application software in the current 
card FAX system and signatures and scrambling can be implemented by the software using the processing functions 
of a microprocessor. 
[0006] 

[Means for Solving the Problems] To solve the aforementioned problems, the facsimile that the present invention 
provides comprises of a means for embedding a signature sentence in a part of the image data in order to 
demonstrate legitimacy of the sender and the transmitted document, and a means for applying a scramble processing 
to the encoded image data. 
[0007] 

[Examples] Figure 2 is a block diagram showing a confidentiality protection system in the present invention's 
facsimile. The sender side consists of a signature process and an encoding process, and the receiver side consists of 
an authentication process and a decoding process. 

[0008] In the signature process at the sender side, a signature is applied to a part of the input document in order to 
demonstrate legitimacy of the sender and the transmitting document. That is, for a part of the document image data 
stored in the memory, for example, for the area where the name and address of the sender is stored, a signature 
sentence is embedded by the processing functions of the microprocessor and encoded to be transmitted. The 
encoded data of a part of the document where the signature is embedded is directly sent without scrambling. Thus, 
the document header (header part) can be read as normal. In this process, the sender inputs a signature ciphering 
key Ko and signature sentence N s along with the transmitting document Mi. When the signature process (embedding 
the signature sentence) is completed, a first scramble key Kl in the encryption process is generated to shift to the 
encryption process. 

[0009] In the encryption process, a scrambling process is applied to the image data encoded by the key Ki (i = 1 , 2, 
. . ..) generated from the sequential image data. A method of scrambling will be described later. The encoded data 
(binary) generated by blocking by the unit of power of 2 are followed by transposition encryption to be transmitted. 
[0010] On the other hand, in the authentication process at the receiver side, a signature ciphering key Ko common 
to the sender and the receiver is input and the sender and the transmitted document are confirmed by legitimacy of 
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the signature sentence N s extracted from the received data F (Mi). If the signature sentence N s is a data having a 
meaning, the legitimacy of the sender and the transmitted document are confirmed and shifts to the decoding process 
based on the decoding key generated. In contrast, if N s is not a data having a meaning, the sender or the 
transmitted document is determined to be not legitimate and the subsequent processing is interrupted and the 
received document is aborted. 

[001 1 ] In the decoding process, the encrypted received data is reverse-scrambled in blocks as units based on the 
key Ki (i=l, 2,...) generated from the sequentially decoded image data so that the encoded data are transformed to 
image data. 

[0012] In the proposed system as described above, only the sender and the receiver cipher manage the common 
key Ko. In addition, the scramble (reverse-scramble) key Ki (i=l , 2, . . .) are sequentially generated during the 
processing process depending upon the structure of the document image so that it is difficult for the third party who 
does not know the signature, the structure of the encryption function, and the cipher key Ko to detect this. 
[0013] 

[Signature method] 

[Embedding of a signature sentence] The signature indicating the legitimacy of the sender and the 

transmitting document is carried out by directly embedding the signature sentence into the digitalized document 
image data. That is, from the image data resolved into the scanning lines, the scanning lines designated randomly by 
the keys are referred and the oddness/evenness of the distance among the variable pixels on the reference scanning 
lines and encoded scanning lines are modulated by 1 bit of signature data. 

[0014] Initially, variable pixels on the encoded scanning lines and s pieces of reference scanning lines are defined 
as follows (See Fig. 3). 

al : First variable pixel of the target run length (hereinafter referred to as RL) on the encoded scanning lines. In this 
case, No. 1 RL is excluded. 

bl(j): Same color (as al) variable pixel to corresponding to al on the j-th (1 ^s) reference scanning line. That is, 
if the pixel immediately above al is in the same color as al , the first pixel of the previous RL, if the pixel 
immediately above al is in an opposite color from al , the first pixel of the RL located right of al . 
Aj (al bm): a distance between the variable pixel al and bm (j) 

0j: indicates even/oddness of Aj (al bm). 0, if Aj (al bl) is an even number and 1 , if Aj (al bl) is an odd number. 
[00 15] In the signature keys of r bits: 
K0={k0(t0) |t0 = 0, 1 r-1; 

k0(t0) = 0, 1 (1) 
if kO (tO) = 1, a length of the bit from immediately before kO (t0') = 1 to kO (tO) = 1 

j = t0-t0' (2) 
(where at first kO (tO) = 1 , a distance between j = tl and variable pixel bl (j) on the j-th reference scanning line is Aj 
0+1). Then, 1 bit signature data ns (u) extracted from q bit signature sentence 

Ns={ns(u) | u=0, l,...q-l;ns(u) = 0, 1} (3) 
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if embedded in the even/oddness 0j of the variable pixel a (al bl) on the encoded scanning lines by the following 
procedures. 

(1) If Aj (al bl) > 0; Aj (b0 al) >1 and Aj (bl a2) >1 are satisfied, 

(a) Directly if 0j x ORns (u) = 0 

(b) Shifts to the right by the portion of one pixel if 0j x ORns (u) = 1 

(2) If Aj (al bl) <50; Aj (bO al) >- Aj (al bl) + 2 is satisfied, 

(a) Directly if 0jx ORns (u) = 0 

(b) Shifts to the left by the portion of one pixel if 0j x ORns (u) = 1 
However, if kO (tO) = 0, signature data is not embedded. 

[0016] The signature data embedded in these procedures can be easily decoded in the following procedures: 

(1) If Aj (al bl) > 0; Aj (bO al) >1 and Aj (bl a2) 2>1 are satisfied, 
ns (u) = 0j 

(2) If Aj (al bl) SO; Aj (bO al) ^ Aj (al bl) + 2 is satisfied, 
ns (u) = 0j 

And then, the extracted 1 bit signature data ns (u) is assembled as a signature sentence Ns. The aforementioned 
regulations (1) and (2) are given in Equation (5). 

[001 7] Since the signature sentence is embedded depending upon the structure of the document image (RL pattern 

over several scanning lines), it is difficult for the third party to forge or alter the document image Mf. 

[0018] 

[Generation of scramble keys] Next, a method of generating the scramble keys Ki (I = 1, 2, ...) in the 
encryption process will be described below. Ki , based on Ki-1 used immediately before (initial signature key kO), 
is generated from the structure of the document image data. Initially, regarding the maximum number of reference 
scanning lines s, a minimum integer value h satisfying 

s £2" (6) 
is calculated and given as hO. 

From the bit series of the immediate key Ki-1 , next hO pieces of bits 

{ki-1 ((ti-1 + a) mod r) | a=0, 1, ...h0-l} (7) 
are extracted and then transformed to decimal dO. Next, 
according to 

l = (d0+l)mods (8) 
a reference scanning line number 1 is determined. The even/oddness 01 of the distance Al (al bl) between the 
variable pixel al on the encoded scanning lines and the variable pixel bl (1) is determined and then 
kl (tl) = 01 is given. This operation is continuously repeated r times to obtain scramble keys 

Ki = {ki (ti) | ti = 0, 1 r- 1: Ki (ti) = 0, 1} (9) 

[001 9] In this report, the scramble method wherein the data encoded by sequentially generated keys depending 
upon the structure of the document image is transpositioned is used. An actual method will be shown below. 
[0020] 
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[Scramble method] 

[Concept of encryption] An encrypted sentence obtained by encryption of a plain sentence M by the key K is 
expressed as 

C = E(K,M) (10) 
In the transposition method in the conventional hardware, the structure of E is fixed so that the degree of freedom of 
transposition is fully dependent upon the degree of freedom of the key 

Ci = D(Ki,M)(i = l,2, ...) (11) 
was obtained. In contrast, according to the present method, E is configured by a software system. If the key Ki is 
input, the system automatically generates and orients different partial encrypter (decoder) Eij and partial key Kij (i = 
1 , 2, . . .3 = 1 , 2, . . .n) and they are further combined to output 

C = Eil (Kil, Ei2 (Ki2....Ein (Kin, M))...) (12) 
[002 1 ] In the present system, Equation ( 1 2) is implemented by the following procedures. Initially, when the 
scramble keys Ki (I = 1 , 2, . . .) are input, Eij and Kji are developed in the memory using a portion of K's. As shown 
in Fig. 4, a portion of the bit series of keys Ki is used as a machine language program and the subsequent series are 
used as a partial key. Next, the encoded data stored on the memory is blocked by units by powers of 2, and using 
the program generated, scrambling is executed using the coordinate values of the individual data in the blocks as 
arguments. Using the operation results as new coordinate values, the encoded data are output. After transposition of 
one block is completed, a scramble key Ki+1 for the next block is output along with the encrypted series and the 
same processing is repeated based on Ki+1 . The flow of this process is shown in Fig. 5. 

[0022] Each of Eij used must be a mapping function of bijection (1:1) due to the necessity of configuring the block 
transposition encryption on the whole. Therefore, in the present system, basic operation instruction and the 
extended operation of the central processing unit (CPU) are selected as Eij. As a result, an encrypter and a decoder 
can perform a high speed transposition processing using only a small amount of memory 

[0023] 

[CPU instruction to become a bijection mapping function] 

Among the instructions of the CPU such as addition/subtraction/multiplication/division, those configuring a 
bijection mapping between the numbers operated and the operation results are limited. The CPU instructions used 
are listed below. In this case, the length of the resister of the CPU generating the aforementioned scrambler is 
expressed as R. Therefore, the addressing range in this resister is 0 ~ 2R-1 and a one block to be input has this size 
as a unit. 
[0024] 

[Exclusive OR] 

A processing of performing an exclusive OR operation for the constant (encryption key) provided for each bit and 
every bit in the register is a bijection. If this operation is expressed by XOR, number to be operated is M, and the 
key constant is K X or, the operation results are expressed by 

C = XOR(K XO R,M) (13) 

Obviously, 
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M = XOR(K XO r,C) (14) 
In this operation, respective data having two coordinate values M and C with the relationships expressed by 
Equation (1 3) or Equation (14) are replaced by each other. That is, all the data in the block are substituted by the 
pairs satisfying the aforementioned relationships. 
[0025] 

[Left/Right Rotation] 

The bits in the register are shifted by the specified number of bits in the specified direction, and the places expelled 
out of the register are input from the opposite side, in an operation called a rotation operation that is a bijection. The 
left rotation is expressed by ROL and right rotation is expressed by ROR. 
[0026] 

[Addition/subtraction] 

A processing of adding and subtracting the data in the register is also a bijection. The addition is expressed by ADD 
and the subtraction is expressed by SUB. Generally in an arithmetic operation instruction such as ADD, when the 
results are overflowed from the places, flag registers are affected. However, only the data in the register is 
considered by ignoring this point, 

C = ADD(K ADD ,M) = M + K ADD mod2 R (15) 
That is, individual data are shifted in parallel for a distance of Kadd- In addition to the aforementioned CPU 
instructions constituting the bijective mapping, the following extension operation becomes also a bijective mapping 
and improves the transposition effect. 
[0027] 

[Replacement of bit positions] 

A processing of replacing the bits in the register to specific positions is also bijection. This operation is expressed 
byEXTl below. The keys Kextti (i) (I =0, 1, ..R-l) are an array consisting of Rpieces of elements corresponding to 
the length of register R and the respective values indicate positions of bits when they are shifted. 
[0028] 

[Positions in each subspace] 

The entire address space expressed by the length of register R is partitioned into subspaces and when a bijection is 
operated in each subspace, the entire transposition is a bijection. As a method of partitioning into subspaces, there is 
a method of shortening the register length, and a method of classification by the pieces of each bit included in the 
register. Here, we used subspaces in the latter group. The operable ROL is applied in the subspaces and expressed 
as EXT2. However, it is applied to the subspaces excluding the cases when all bits in the register are bit 1 or 0. 

Thus, the keys Kextz (i) (i = 0, 1 R-2) is an array consisting of R-l pieces of elements where R is the length of 

the register, and the first element indicates the key ROL which is applied to the subspace where i pieces of bits 1 are 

present in the register. 

[0029] 

[Encrypter/decrypter] 
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The encrypter and the descriptor given by Equation (12) generate machine language instructions and their operands 

from the bit series of keys Ki (I = 1, 2 ). 2 or 3 bits are input from Ki and n-step of a group of instructions are 

generated based on the transformation table shown in Table 1 and developed as a series of partial encrypters Eij (j = 
1 , 2 , .... n) in the coded domain of the main memory. In this case, an operand required in each transposition 

operation, that is partial keys Kji 0 = 1.2 n) is obtained from the bit series of Ki. However, the number of steps 

n of the encrypter is set in advance. For example, if the length of register is R = 16 bits, the number of bits of partial 
keys required in each operation are as shown in Table 2. 
[Table 1] 

Transformation table 



Input bits 


Output codes 


110 


XOR 


000 


ROL 


001 


ROR 


010 


ADD 


011 


SUB 


111 


EXT1 


10 


EXT2 


Number of bits of partial keys required for operation 


Codes 


Number of bits required 


XOR 


16 


ROL 


4 


ROR 


4 


ADD 


16 


SUB 


16 


EXT1 


64 (=4x16) 


EXT2 


60 (=4x15) 



[0030] 

[Actual procedures for signature and encryption] Li the present example, the confidential data between the 

sender and the receiver is (s, n, K0). The actual procedures are described below. 

[0031] 

[Signature process] Step 1 : Enter a document image Mi, a signature key K0 and a signature sentence Ns 
while keeping t0«- 0, tl *- 0, u *- 0. 

Step 2: s pieces of scanning lines are stored in the memory and encoded and transmitted. 

Step 3: The processes from Step 4 to Step 9 are repeated until completing embedding of the signature sentence Ns. 
Step 4: The processes from Step 5 to Step 8 are repeated until completing scanning of the encoding scanning lines. 
Step 5: Detects a variable pixel al. 

Step 6: hO bits containing kO (tO) are extracted from K0 and converted to decimal dO, and 1 is decided from Equation 
(8). A variable pixel bl (l) on the first reference scanning line is detected and kl (tl) «- 01 is given, tl *- tl + 1 is 
also given. 
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Step 7: If kO (tO) = 1, a length of bit j from the immediately before kO (tO') = 1 to kO (tO) = 1 is determined by 
Equation (2). A variable pixel bl® on the j-th reference scanning line is detected and the signature data ns (u) is 
embedded by Equation (4). When ns (u) is embedded, u <- u + 1 is given. 
Step 8: tO — (tO + 1) mod r is given. 

Step 9: The encoded scanning lines are encoded and transmitted as well as the encoded scanning lines are updated to 
the first reference scanning line and the v-th reference scanning line is updated to the v+1 reference scanning line (v 
= 1,2 s-1). 

Step 10: Shifting to the encryption process. 
[0032] 

[Encryption process] Step 1 : Select i = 1 , input n. 

Step 2: Step 3 to Step 8 are repeated until all encoded data are completed. 

Step3:Setti- Oandti+1- 0. 

Step 4: Step 5 to Step 8 are repeated until the amount of encoded data exceeds 2 R bits or more. 
Step 5: Step 6 to Step 7 are repeated until scanning of the encoded scanning lines are completed. 
Step 6: A variable pixel al is detected. 

Step 7: hO bits containing ki (ti) are extracted from Ki and converted to decimal dO, and 1 is decided from Equation 
(8). A variable pixel bl {1) on the first reference scanning line is detected and ki+1 (ti+1) «- 01 is given, ti =( ti + 1) 
mod r, t i+1 = (t i+1 +1) mod r are given. 

Step 8: The encoded scanning lines are encoded as well as the encoded scanning lines are updated to the first 
reference scanning line and the v-th reference scanning line is updated to the v+1 reference scanning line (v = 1, 2, 
s-1). 

Step 9: n-step transposition encrypter is developed from Ki to the encoded domain of the main memory. 

Step 10: The coded data at the address m (= 0 ~2 R - 1) are transpositioned at the address m' (= 0 ~2 R - 1) on the 

buffer memory provided separately by the generated encrypter, and then output and transmitted from the address 0 

in the order, i *- i + 1 . 

[0033] 

[Authentication process] Step 1 : Enter received data F (Mi) and authentication key K0, while keeping tO «- 0, tl 
- 0,u«- 0. 

Step 2: Decode the encoded data for the portion of s scanned lines and store them in the memory to be used as 
reference scanning lines. 

Step 3: Step 4 to Step 10 are repeated until decoding of signature Ns is completed. 
Step 4: Encoded data is decoded for the portion of 1 scanning line to use as encoded scanning line. 
Step 5: Step 6 to Step 9 are repeated until scanning of the encoded scanning lines is completed. 
Step 6: A variable pixel al is detected. 

Step 7: hO bits containing kO (tO) are extracted from K0 and converted to decimal dO, and 1 is decided from Equation 
(8). A variable pixel bl (l) on the first reference scanning line is detected and kl (tl) *- 01 is given, tl *- tl + 1 is 
also given. 
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Step 8: Ifk0(t0)= 1, a length of bit j from the immediately before kO (t0') = 1 tok0(t0) = 1 is determined by 
Equation (2). A variable pixel bl 0 on the j-th reference scanning line is detected by Equation (5) and the signature 
data ns (u) is extracted. When ns (u) is extracted, u «- u + 1 is given. 
Step 9: tO «- (tO + 1) mod r is given. 

Step 10: The encoded scanning lines are updated to the first reference scanning line and the v-th reference scanning 
line is updated to the v+1 reference scanning line (v = 1, 2, s-1). 

Step 1 1 : If Ns is legitimate, shifting to the decoding process, otherwise, the received data F (Mf) is aborted. 
[0034] 

[Decoding process] Step 1 : Select i = 1 , input n. 

Step 2: Step 3 to Step 8 are repeated until all encoded data are completed. 

Step 3: 2 R bits are extracted from the received data F (Mi) and set ti *- 0 and t i+1 «- 0. 

Step 4: A n-step transposition encrypter is developed from Ki to the encoded domain of the main memory. 

Step 5: The received data at the address m (= 0 ~2 R - 1) are transpositioned at the address m' (= 0 ~2 R - 1) on the 

buffer memory provided separately by the generated decoder, and then output from the address 0 in the order, i *- i 

+ 1. 

Step 6: The decoded data are converted to image data and the Step 7 to Step 10 are repeated for the scanning lines 
converted. 

Step 7: Step 8 to Step 9 are repeated until scanning of the encoded scanning lines is completed. 
Step 8: A variable pixel al is detected. 

Step 9: hO bits containing ki (ti) are extracted from Ki and converted to decimal dO, and 1 is decided from Equation 
(8). A variable pixel bl <0 on the first reference scanning line is detected and ki+1 (ti+1) *- 01 is given, ti =( ti + 1) 
mod r, t i+1 = (t i+1 +1) mod r are given. 

Step 10: The encoded scanning lines are updated to the first reference scanning line and the v-th reference scanning 

line is updated to the v+1 reference scanning line (v = 1, 2 s-1). 

[0035] 

[Investigating the scrambling effect] 

In order to investigate whether the 0. 1 bit series of encoded data output as the result of the execution of the said 
scrambling procedures are sufficiently random, with respect to the number series of the M series by the feedback 
shift resister that has been proven to have sufficient pseudo- randomization, the properties were compared. 
However, a MH system was used as an encoding method for the facsimile document, and CCITT Test Chart No. 4 
was used as an input document. 

[0036] (1) Probability of occurrence of sequential pieces 

"Sequential" means a line segment consisting of p sequential pieces of 1 or 0 in the binary series and both ends are 
either 0 or 1 . In the M series, with respect to the 1 or 0 sequential pieces, the following formula (16) is expressed: 

(Sequential pieces with a length p) / (Sequential pieces with a length p + 1 ) = 2 (16) 
On the q-step shift register, this condition is satisfied except for the cases when a length is q and q-1 . The sequential 
status was investigated for the encoded data of the MH system and when the data were scrambled with a register 
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length R of 16 bits with a basic instruction steps n of 32. Figure 6 shows the results of logarithmic graphs of the 
sequential pieces plotted based on log 2. The dotted line indicates the result for the equivalent steps (16 steps) of the 
shift register. According to this result, the data series scrambled by the present method demonstrated excellent 
results in the case of a shift register with respect to the sequential pieces. If n increased, better results were 
confirmed to be obtained. 
[0037] (2) Autocorrelation function 

Next, randomized properties of the scrambled data series were investigated using the discrete type autocorrelation 
function defined by the following equation 00 
[Formula 1] 

C, (h)-lli £ y y . (17) 

j 2 j + 1 r~j 

where {y r } indicates a term in the binary series, and h is a distance between the two terms {y r } and {y,+ h } 
ifh 5*0,C 0 (h) = 0 

ifh = 0,C o (h) = l (18) 

The randomized properties of the series can be characterized as shown above. The respective autocorrelation 
functions were obtained for the encoded data of the MH system and when the data were scrambled with a register 
length R of 16 bits with a basic instruction steps n = 32. The results are shown in Fig. 7. The operation results of 
the present method were found to satisfy Equation ( 1 8) similarly in the case of the autocorrelation function of the 
shift register as indicated by the dotted line. 
[0038] 

[Effects of the Invention] 

As was explained in detail in the aforementioned example, in the present facsimile system, (1) a signature is applied 
by embedding a signature sentence indicating legality of the sender and the transmitted document in a part of the 
image data, and (2) a scramble processing is applied to the encoded image data. By employing these methods, an 
extension board type FAX adaptor implemented by the present invention is simple in terms of hardware so that it is 
available at a low cost. Therefore, when compared to an adaptor specialized for confidentiality protection, security 
communications can be implemented at a low cost. Li addition, the scrambling processing is carried out by blocking 
the encoded data in units of powers of two for transposition ciphering so that the advantage is that data is not limited 
by various encoding methods such as MH, MR and MMR for facsimiles and the quantity of transmission codes. In 
addition, the present invention's facsimile system can be implemented only by partially modifying and adding to the 
application software used in the currently used card FAX system. As a result, security communications can be 
implemented at a lower cost than a special adaptor for confidentiality protection. 
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[Brief Explanation of the Drawings] 

[Fig. 1] A diagram showing the configuration example of the conventional card type FAX. 
[Fig. 2] A diagram showing the confidentiality protection system as an example of the present invention. 
[Fig. 3] A diagram showing definitions of the variable pixels on the encoded scanning lines and s pieces of 
reference scanning lines. 

[Fig. 4] A diagram showing the partial encrypters (decrypters) Eij and partial keys Kij. 

[Fig. 5] A diagram showing a flow of the scrambling processing in the present invention's example. 

[Fig. 6] Logarithmic graphs plotted based on log 2 for the sequential pieces in the example of the present invention. 

[Fig. 7] A diagram showing autocorrelation functions. 
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[Fig. 3] 
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0 ' ) =1frbko (to ) =1*T?(De<> hSj £it 

(2) i=*yswe-r*. « j #ssj£**±©«<bii*b 

1 (J) £fcttiLT5* (4) -e»*x-*ni (u) 
*>&fc. ns (u) tfa*>a*;h.fc£*ij*-ij + 1 i* 



(6) 
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S t e p 8 : t 0 <- ( t 0 + 1 ) mo d r it*. 
S t a p 9 : tt*ftjfe£«*tt«ft: ■ fi*r*i:*l=. 

v + 1 ( V = 1, 2, -, s - 1 ) »MftSBI=Etr-*- 

S t e p 1 0 : **fl:7n-fe*l=»fFf «. 
[003 2] 

MHHfc^P-fe*] S t e p 1 : i=1tU n £ A* 
+ 4. 

Step2:Step3l^bStep 8 ^t^TOTlf 10 

x— s» to ^ r *f 7 f 4 * -en y £ f . 

S t e p 3 : t i <-0, t 1+1 t-Ot-TS. 
Step4:Step5frbStep8 £$f5"T— £ ft 

*<2" hBi±i=4**-eiiya-r. 

Step5:Step6^bStep7 £lf*ft:j£*B 

©«tfBT-r4*-eiiy'si-. 

S t e p 6 : EftBftal £t*tti?Z>o 
Step7 : Ki ^bki ( t i ) fc#fchO \*y r-£ 
IHILT1 Ojt»do l=B»U 3 (8) l=J= y I £fc 
If 4. » I #BS*t*±<D*<bB* b 1 (i) £«tij U 20 

ki+1 (ti+1 ) =d>\ ft*, ti = (ti +1) m 
od r. ti+1 = (ti+1 +1) mod r ft*. 

steps: WHkjttM*WHt**tmz % f»fc 

1 #Ki»IKI=. S v #B£S«£* v + 1 

(v = l, 2, -, s-1) #BSj&**|zH«fr-5. 

Step9:Ki frb nA09inHHIV«±Gtt093- 

S t e p 1 0 : 7 KUXm (=0-2* -1 ) ±©1f* 
T-* J* *ttfcW-^»(C J: y »I fcffl* JhfcA»;7 
7>tU±fl)7KUXm' (=0~2" -1) 30 

+4. 

[0 0 3 3] 

m&Zta-bX] S t e p 1 : »|t-: * F (Mi ) , 
BBEBKo *A*-f4i:*l=to «-o, ti «-0. u<- 

S t e P 2 : l»T-**B«HMMttLTJ«*'JI= 

Step3:Stop4*\P)Step1 0^#€XNs 

a)«#wiT-r**-eiiyfi-r. 40 

S t e p 4 : £ 1 £S*#V4U ft*<b£ 

S t o p 5 : S t e p 6frbS t e p 9 £ If *<bj£*Hl 

0 *s m 7 * * *-e* y fit . 

St ep6 :K<bB*a1 ««aj-f*. 

Step7:K0^bk0 ( to ) £#fchO tfv h£ 
«BLT1 Oitfcdo l=»«U £ (8) lc«fcy i *ft 
3Tf 4» * I *B**«±OT«<biI*bi <» *«WU 
ki (ti ) £f4 0 ti <-ti +1**4. 
Step8:k0 ( to ) = 1 ftSli, ttlW©kO (t 50 



0 ' ) =ifrt,ko (to ) =i*-^roe-> h*j 

(2) I=j:yfts-r4. MjMttiLhOKfcBXb 

1 CJ) £fcttiLTit (5) T?f*f-$n, (u) 
B-T*. ns (u) A<ttffl**Lfcttu^-u + 1 i-r 

4. 

Step9: to <- (to +1) mod r tti. 
S t e p 1 O : lf*<b£Sft££ 1 #B£Sttl=. % v 

#b*««£*v+i ( v = i, 2, -, s-i)#m 
*3«*i=H*r-f4. 

S t e p 1 1 : Ns jMEBft&tfflW^n-feXlCBfi 

U *5"C*lt*itf. *«x-*F (Mf ) 
[0 0 3 4] 

Htt^P-fe*] S t e p 1 : i = 1 t U n £A** 

4. 

S t e p 2 : S t e p 3frbS tapl O^I^TOTlf 

\z-D^T&7+z>£-?m y St. 

S t e p 3 : Sffllx— 5» F (Mi ) b 2" tf'V httfiB 

f*fc*l=tl «-0, ti+1 «-0£*-4. 

S t e p 4 : BKi n K<Dfi«BtW*£±lEtta)3 

-K««l=*B-f*. 

Step5:7 Kl/Xm (=0~2" - 1 ) ±<0£<!t 
— Sr *lfc«*SlCj; yj|ifll**lfc/^77 

> J EU±<D7'KUXm' (=0~2" -1) ICCBU 

7Ku*ofrbBI-tiJ:&-f-5o i *- i + 1 bti. 

S t e p 6 : flH»**lfclf £B«T-* l-£8k 

U B»**lfc**Bl="3l*TS t«p7^bSt»p 

1 o«tiys-r. 

St«p7:Step8^bStep9 £lf^{bj64« 

StepS: *<bB*a1 £fctB-f 4. 

S t e p 9 : Ki frt. ki ( t i ) ££t?M tfy h£ 

ffitbiTi osftdo i=r»l» a (8) i=j= y I *ft 

4. * I *Bi6*B±fl)3E<bH*bi (") £&SiL. 
ki+1 (ti+1 ) =d>\ ttho ti = (ti +1) m 
od p. ti+1 = (ti+1 +1) mod rit*. 
S t e p 1 0 : &*4bj££M£* 1 #B£X«l=s « v 
#BSj£*t£mv + 1 (v = 1, 2, -, s - 1 ) #BS 

[0 0 3 5] 

£fT«*«t LTta***ifc»#T-*«)o. i e*v ho 
■r-ei=+#<cB7>yAtt3Miw**iT^*7< - K/< 

v * S/ 7 h U vX ^ IC.J; « MBWOBBK i liTFtDJl S 

37^J/3'JXt«)1HM:*HlfcLTMH3«t. A* 
XfiLtCCITTfl)fXhfAp-hNo. 4?fflU 

[0 0 3 6] (D jt©ffl»a>£je«* 



(7) 
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3l«ti±2tt*5ij±a)i *fci*o©pfl(D3£t/-e$)ys * 

A^**L-5o fcfc'U q«->7 hUS?X*±TM±. ft* 
ftR*1 6lf7 K **M©S»nf3 2tLm 

$f7 7fcLfc«a**-r. fcfc*u jsaii^asa d 10 

6ft) 8^H/5X#WitOtW, 

1 r-j 

C Q (h) - 1 in X 

j -<» 2 j + 1 r— j 



fctto©B«>afti=oi.vc. 

HOlOiW =2 (16) 
ftf=B LTi/7 h b9x*ai|ftl=atoTft*ife*S4t 

[0037] (2) SEffiMNft 

[»1] 

', + k (17) 



WdHLfc < 11 > . fcfc'U (yr } li2flt*5iJ± 

hl±2a {yr } <t {yr+h } B0EB€**l 

h*o#e>iico (h) =0 

h = 0&bl*Co (h) = 1 
l=J:y»««)5>yAttAtW»-Jl+6*i*. tuU, PI 20 

R*1 6e->K *int3 2tLT^7>?JHfc 

COBB. *¥^©3t»«»l±jSBT?*-rv7 

hu?x*aia«BBftfcflflU ide) tisffa 

[003 8] 

[ftff®*a] i8Lti=Mt«*»n'TBL<KBLfcj: 
3i=* **W©7r^i/5'jicfc^rii, (D3!<i#fccfc 
tfB«XBOiE*tt**-rfcftoa**tB«T-*«) 30 
-»l=«»at?=i:l=J:y»*tBL. ®»*ft**tfc 
B«T~*l=»LTX^7>^UBBff*. C<Dct5 
tt««»ffltJ:y, *BBI=J:y*a£*iftttB#- 
KS©FAX74f^-l4/\-K^x7ttl=«»Tf** 



(18) 

B&£l=B-r««ti*ait«:iVNA*tfc«. *fc. ** 
Wffl^rfi/S'JIt BttBBft**iTl^**-KFA 
XvXxAlcfcl+ST^'J'T— ->a> ■ 7 7 h-5x7^ 
-»«B-BJn-r*fc-|feBBWB-C*y, BttftB* 

a©ry^ «fc y h-e-fe+a uf -caa^sta 
[bb®b*&kb] 

[01] tt*04l-KFAX®ttjftflttM-B. 

[0 2] **K<D-*JfittlCfcMta«««ttvXxA£ 
*-fB. 

[03] a*fc«Mfc-*D»B*a&kaftfl:B* 

©*B**-fB. 

[04] B4HI4B («#») Eij j3«fcl/fflS#BKij£ 

mtm. 

[0 5] *BBOllltfll=felt«X^7>^A«BOSK 
*tt*tB. 

[06] *a*a**Bf=*3it«aaaft*2£*&L 

fc«»-e^7 7ftLT^1-0. 
[0 7] gaffiMM«^^^-0 o 



Ki 



Eh(ROR) KM (4 bits) El2(X0R) Kl2(16 bits) El3 
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[■1] 

software hardware 




personal computer 



k ey Ko Ns 



signature 
process 



_*ey Ki 



encryption 
process 



Ki- 



key 



[ sender ] 
ke Y Ko Ns verification 



authentication 










process 




output 
document 


kev Ki 


decryption 




M * 


process 


~l 





Ki- 

[ recipient ] 



1 key 
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ref. line: s b Q (s) b 1 



mi i 




ref. line: j b Q (j) 


4<a 1 b 1 }=4 bi (j) 




i i i i mm 


coding line 


j j (a i b i ) " 5 








a l a 2 



ftftH*<D£tt 



[06] 



■^v scrambled (n=32) 


; \s / 






MH code 






shift / \ 




register \ 


4 \\ 



length 



[135] 
sub-scramblers 



coded 


data 










key 


Ki 







E( 2 




:Kh 




••- -Kin: 




si Yi 





ciphered data 



*«y Km 



software scrambler with n steps 
X ? ? v 7' » mimo&h 
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